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The inactivation of filtrable viruses by adsorption on particulate or 
colloidal suspensions has been the subject of a number of communica- 
tions.  This paper presents observations on the inactivation of polio- 
myelitis virus by aluminum hydroxide and on the effect of virus so 
treated, when used for the production of active immunity. 
Levadifi and Nicolau (1), in 1923, reported that they were able to render vac- 
cine virus non-infectious by treatment  with precipitated  bismuth  and  thorium. 
Lewis and Andervont (2)  made an extensive study of this phenomenon in 1927. 
They employed the viruses of vaccinia, fowl-pox, and Rous sarcoma, adsorbed on 
kaolin, kieselguhr, charcoal, carmine, and aluminum hydroxide.  These substances 
were investigated for both adsorbing and inactivating power and all were found 
to be effective,  although the degree of activity varied somewhat.  No attempts 
to induce immunity by the use of such non-infectious material were reported. 
The experiments recorded in  this  communication were part  of a 
series carried out in a study of various methods for the production  of an 
immunity to experimental poliomyelitis in monkeys. 
Method 
The aluminum hydroxide preparation  employed was that described  by Will- 
stutter (3) as Type C to contain 22.5 gin. of aluminum per liter.  Since this sus- 
pension is relatively unstable, only freshly prepared material was used.  The virus 
was a  Berkefeld N  filtrate of fresh monkey poliomyelitic spinal cord, made to a 
5 per cent suspension in physiological saline,  the strain being the "pooled mixed 
virus"  described in previous communications (4).  Mixtures  containing various 
proportions of virus and suspension were prepared and shaken in a mechanical de- 
vice for 30 minutes.  They were next allowed to stand 30 minutes at room tem- 
perature, before inoculation into Macacus rhesus monkeys.  A simple test showed 
that the electrolyte content of the saline solution was not sufficient to cause floccu- 
lation of the adsorbing agent. 
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EXPEPTMENTAL 
The experiments carried out were of three types: simple observa- 
tions on the inactivation of poliomyelitis virus by aluminum hydroxide; 
studies of the effect of the pH of the mixture on this inactivating power; 
and determinations of the value of the inactivated virus in the pro- 
duction of  immunity.  Intracerebral  inoculations of  the  aluminum 
suspension alone were without pathological effect. 
Table I  presents an experiment of the first kind.  The aluminum 
hydroxide was  found consistently to  inactivate  virus  filtrate when 
TABLE  I 
Inactivation of Poliomyelitis Virus by Aluminum Hydroxide 
No.  Date 
0/30 
o/30 
,1/18 
.1/18 
.1/18 
Materi~l  tested 
Aluminum hydroxide 
Control 
Aluminum hydroxide 
Aluminum hydroxide 
Control 
Virus 
filtrate 
¢G. 
0.05 
O.05 
0.2 
0.2 
0.2 
Result 
No symptoms 
Typical poliomye- 
lifts,  7 days 
No symptoms 
Typical poliomye- 
litis, 5 days 
Typical poliomye- 
lifts, 14 days 
equal  volumes were  employed.  When  one  part  of  adsorbent  was 
used with two parts of virus the same effect was observed but pro-" 
portions of 1 : 10 failed to inactivate.  Control animals inoculated with 
similar volumes of untreated virus contracted typical poliomyelitis. 
To study the effect of the pH, a mixture of equal parts of virus and 
adsorbent was prepared and divided into two parts.  By the use of a 
suitable phosphate buffer the pH of one was adjusted to 5.5 and that of 
the second to 8.8.  Both were centrifuged at 3000 R.P.~. for 20 min- 
utes and the supernatant fluids inoculated intracerebrally in normal 
monkeys.  The acid preparation gave rise to no symptoms, although 
the alkaline produced characteristic poliomyelitis.  These results are 
presented in Table II. C. P. RIIOADS  401 
In the third kind of cxperiment  the virus used was monkey  polio- 
myclific  ncrvous  tissue  which  had  bccn  preserved  in  50  per  cent 
TABLE  II 
Influence of pH on the Inactivation  of Pdiomyditis Virus by Aluminum Hydroxide 
No.  Date 
11/29 
11/29 
Material tested 
for neutralization 
Aluminum  hydroxide.  Phosphate 
buffer  pH  8.8.  Mixture  cen- 
trifuged.  Supernatant fluid  in- 
oculated 
Aluminum hydroxide.  Phosphate 
buffer  pH  5.5.  Mixture  cen- 
trifuged.  Supernatant fluid  in- 
oculated 
Amount 
c6. 
0.2 
0.2 
Virus 
filtrate 
C6. 
0.2 
0.2 
Reset 
Typical poliomy- 
elitis, 7 days 
No symptoms 
TABLE  III 
Production of Immunity by Poliomyelitis  Virus Inactivated by Aluminum Hydroxide 
MateriM used  in each treatment  Immunizing  treatment 
ey 
AI08 
CO. 
1.5 
1.5 
1.5 
1.5 
Mixed 
virus 
glalY  cero" 
ted 
5% sus- 
)ension 
Go. 
15 
15 
15 
15 
Treatment 
Shaken 30min. 
1 hr. at 20  ° 
Shaken 30min. 
1  hr.  at  20  ° 
Shaken 30min. 
1 hr. at 20  ° 
Shaken 30m  in. 
1 hr. at  20  ° 
Route 
Subcuta- 
neous 
Subcuta- 
neous 
Subcuta- 
neous 
Subcuta- 
neous 
Total  Single 
amount  dose 
75  15 
75  15 
75  15 
75  15 
No. of  Interval  doses 
days 
5  3 
5  3 
5  3 
5  3 
Rest 
period 
1 
glycerol for  from  1  to  2  months.  The  infectivity of  such material 
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a mixture of ten parts of a 5 per cent physiological saline suspension of 
glycerolated virus with one part of aluminum hydroxide was without 
effect when inoculated intracerebrally in normal monkeys. 
For the immunization test a series of four Macacus rhesus was treated 
by 5 sets of subcutaneous injections of such a 10:1 mixture.  Each set 
was composed of 15 cc. of virus suspension and 1.5 cc. of aluminum hy- 
droxide, distributed in multiple blebs.  The treatments were given at 3 
day intervals; thus each animal received a total of 75 cc. in a period of 
2 weeks.  One monkey died of intercurrent disease, but no symptoms 
referable to the inoculations were observed.  A rest period of 1 month 
was allowed to elapse before the animals were bled and the serum stored 
(Table III). 
The first test of immunity consisted of the instillation of 1 cc. of 
glycerolated virus emulsion in each nostril, a procedure repeated daily 
for 3 days.  All three treated monkeys remained well although a con- 
trol animal developed typical poliomyelitis. 
A second test  of immunity was carried out 28 days after the first. 
In this test direct intracerebral inoculation of fresh virus filtrate was 
substituted for intranasal instillation of glycerolated material.  As a 
result of this inoculation one of the treated monkeys which had sur- 
vived the first test developed characteristic poliomyelitis as did the 
untreated  control.  The  other  two  animals  remained well.  These 
experiments are epitomized in Table IV. 
As further indication of the immunity resulting from the inoculation 
of inactivated virus,  the neutralizing power of the treated animal's 
sera was investigated.  A volume of 0.99 cc. of each serum was mixed 
with 0.01  cc. of fresh virus filtrate, kept 1 hour in the incubator, and 
overnight in  the icebox,  and inoculated intracerebrally in  a normal 
monkey.  None of these animals showed symptoms, although the con- 
trol, receiving the same amount of virus alone, developed the char- 
acteristic disease. 
S~&RY 
Preliminary experiments are presented which indicate that poliomye- 
litis virus can be inactivated by a  certain preparation of aluminum 
hydroxide.  This effect is seen at neutrality and at a pH of 5.5,  but 
not at a pH of 8.8.  Monkeys treated by repeated subcutaneous in- 404  POLIOMYELITIS VIRUS AND ALUk~INUB~ HYDROXIDE 
jections  of  poliomyelitis virus  so  inactivated  evince  immunity  as 
shown by resistance to intranasal instillation and intracerebral inocula- 
tion as well as by the neutralizing power of their sera.  The treatments 
which give rise to the immunity  produce no symptoms of disease. 
BIBLIOGRAPHY 
1. Levadifi, C., and Nicolau, S., Compt. rend. Soc. bid., 1923, 88, 66. 
2. Lewis, M. R., and Andervont, H. B., Am. J. Hyg., 1927, 7, 505. 
3. WiUstAtter,  R., and Kraut, H., Ber. chem. Ges., 1923, 55, 1 and 1117. 
4. Rhoads, C. P., J. Exp. Med., 1929, 49, 701. 